Introduction
It is estimated that more than 230 000 Australians are chronically infected with the hepatitis C virus. 1 The disease slowly progresses over decades. A significant minority of patients will develop cirrhosis (5-20% after 20 years) and be at risk of complications including liver failure and hepatocellular carcinoma. [2] [3] [4] Hepatitis C is the most common indication for liver transplantation in Australia. These complications may be prevented by viral eradication.
There are six main genotypes of hepatitis C virus -genotypes 1-6. Each of these can be further subdivided (e.g. 1a, 1b). Current Pharmaceutical Benefits Scheme (PBS)-subsidised treatment involves the combination of peginterferon alfa and ribavirin for all genotypes except genotype 1. First-line therapy for genotype 1 disease is triple therapy with peginterferon, ribavirin and a viral protease inhibitor. Overall cure rates are above 70%. However, many patients are ineligible for peginterferon or intolerant due to treatment-related toxicity. 5 In 2015, several peginterferon-free treatments have been approved by the Therapeutic Goods Administration (TGA). They are simple, short regimens with high cure rates and minimal toxicity, and have received positive recommendations from the Pharmaceutical Benefits Advisory Committee (PBAC). They are currently being considered for PBS listing.
Diagnosis and assessment
Most patients with chronic hepatitis C are asymptomatic. Transmission of the virus is associated with identifiable risk factors, and most diagnoses result from screening at-risk individuals (see Box).
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Assessing for liver disease
Once a patient has chronic infection, further investigation (Table 1) should assess the stage of liver disease. It is important to know whether a patient has advanced liver disease to determine the urgency for treatment, and also to screen for complications of cirrhosis such as portal hypertension and hepatocellular carcinoma.
Risk factors for cirrhosis include:
• 
Viral genotyping
Approved treatment regimens for hepatitis C are genotype specific (Table 2) . It is therefore important to find out which viral genotype the patient has in order to determine the most appropriate therapy. The common genotypes in Australia are genotype 1 (54%) and genotype 3 (37%). 8 
Other investigations
Before initiating antiviral therapy, the amount of viral RNA should be quantified by PCR. Testing the host IL28B genotype is also useful (Table 1) . 9, 10 Both of these predict a patient's response to peginterferon plus ribavirin therapy, particularly for genotype 1 infection.
Referral to a specialist
All patients with chronic hepatitis C should be considered for antiviral therapy and referred to a clinician with a specialist interest. Patients with clinical evidence of cirrhosis are the highest priority for referral.
Treatments for hepatitis C
The goal of treatment is a virological cure (sustained virological response). This is defined as undetectable viral RNA in plasma 24 weeks after treatment has finished. A sustained virological response prevents the development of cirrhosis. In patients who already have cirrhosis, a sustained virological response reduces the risks of liver failure and hepatocellular carcinoma.
The approved treatment combinations for hepatitis C in Australia are summarised in Tables 2 and 3 . Currently, all PBS-subsidised regimens involve peginterferon plus ribavirin.
The widespread use of peginterferon-containing regimens has been limited by treatment-related toxicity, as well as disappointing efficacy in patients with advanced liver disease. Direct-acting antiviral drugs targeting multiple steps in the viral life cycle have been developed and used in combination to successfully treat hepatitis C infection. These interferon-free regimens have very high efficacy, short duration (8-12 weeks) and minimal toxicity. They are suitable for patients who TGA Therapeutic Goods Administration * Not listed on the Pharmaceutical Benefits Scheme at the time of writing. † Response rate was defined as proportion of patients with a sustained virological response (undetectable viral RNA in serum) measured at 3 or 6 months after the end of treatment. Results reflect the minimum overall response rate in published studies including non-cirrhotic and cirrhotic patients. ‡ Response rates were lower in patients with cirrhosis. § Response-guided therapy for protease inhibitors: treatment-naïve patients, and previous relapsers following peginterferon + ribavirin, are eligible for shorter treatment duration if serum viral RNA concentrations are undetectable after 4 weeks of treatment. Previous partial or null responders are not eligible for short-duration therapy. (Note: Previous relapsers are patients who had undetectable viral RNA concentrations following interferon-based therapy and detectable viral RNA during follow-up. Previous partial responders are patients with previous on-treatment ≥2 log 10 IU/mL reduction in viral RNA from baseline at week 12 and detectable RNA at the end of previous therapy with peginterferon + ribavirin. Previous null responders are patients with previous on-treatment <2 log 10 reduction in RNA from baseline at week 12 or <1 log 10 reduction in RNA from baseline at week 4 during previous peginterferon + ribavirin therapy.) # The efficacy of sofosbuvir + peginterferon + ribavirin in patients who have previously been non-responders to peginterferon + ribavirin is not known.
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Treating hepatitis C cannot tolerate interferon combinations or who are ineligible. These patients previously had no treatment options. The PBAC has recently made positive recommendations to list these regimens on the PBS.
Interferon-containing regimens
The combination of subcutaneous peginterferon plus oral ribavirin has been the backbone of treatment for hepatitis for the past decade. Genotype 2 and 3 hepatitis C is treated with peginterferon plus ribavirin for 24 weeks (Table 2) . Response rates are over 70%, but are lower in patients with cirrhosis.
Protease inhibitors
Treatment regimens for genotype 1 infection can include a protease inhibitor such as simeprevir, telaprevir or boceprevir (Table 2) .
Simeprevir was approved in late 2014 and is now the first-line protease inhibitor for genotype 1 infections. It is also approved for genotype 4 infections. Compared to telaprevir or boceprevir, it offers the benefit of a single daily dose and an improved toxicity profile. Also, the majority of patients will qualify for shorter duration therapy (24 vs 48 weeks). Treatment-naïve patients are eligible for short-duration therapy if they have undetectable viral RNA at week four of treatment (Table 2 ).
In patients with genotype 1 infection, triple therapy with a protease inhibitor has been associated with response rates of over 70%. However, some patient subgroups remain harder to cure, including those with cirrhosis, and those who have previously failed treatment with peginterferon plus ribavirin. Cure rates are less than 50% in these patients. Response rates are over 80% in all genotype 3 subgroups except treatment-experienced patients with cirrhosis (reported at 62-77%).
12,13

##
In patients with genotype 3 disease and cirrhosis, consider adding ribavirin to the 12-week regimen, or prolonging treatment duration to 24 weeks. In a single phase III study evaluating 12 weeks of sofosbuvir + daclatasvir with no ribavirin, response rates were 96% in patients with no cirrhosis vs 63% in patients with cirrhosis. 14 The efficacy of sofosbuvir + daclatasvir + ribavirin for 12 or 16 weeks in patients with genotype 3 and cirrhosis is currently being evaluated. Preliminary data suggest response rates >85% in genotype 3 patients with cirrhosis who are treated with sofosbuvir + daclatasvir for 24 weeks.
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Sofosbuvir
More recently, sofosbuvir, an NS5B nucleotide polymerase inhibitor, has been approved for use by the TGA but is not yet listed on the PBS. For patients with genotypes 1, 4, 5 or 6, sofosbuvir plus peginterferon and ribavirin for 12 weeks is associated with response rates of approximately 90%. Response rates among patients with cirrhosis are 80%.
For genotype 3 infections, sofosbuvir can be added to peginterferon and ribavirin in a 12-week regimen or to ribavirin alone in a 24-week regimen. The response rate for 12 weeks of triple therapy was higher than for 24 weeks of sofosbuvir plus ribavirin (93% vs 84%). 12 For genotype 2 infections, sofosbuvir without ribavirin for 12 weeks is associated with response rates over 90%.
Interferon-free regimens
Multiple interferon-free treatment regimens have recently been approved for genotype 1, 2 and 3 hepatitis C infections ( Table 3 ). The first-line regimens for genotype 1 include:
• sofosbuvir and ledipasvir (an NS5A inhibitor) 6, 7 • paritaprevir (a protease inhibitor that requires ritonavir boosting), ombitasvir (NS5A inhibitor) and dasabuvir (NS5B polymerase non-nucleoside inhibitor) with or without ribavirin. [16] [17] [18] For both regimens, response rates are over 95% across all patient groups including those with cirrhosis and those who have previously failed on peginterferon plus ribavirin. Treatment duration is 12 weeks for most patients. The pill burden is low and the regimens are well tolerated.
A third regimen, sofosbuvir plus daclatasvir, was very effective in a phase II study of patients with genotype 1 infection who had previously failed protease inhibitor-based triple therapy.
Interferon-free treatment regimens for genotype 3 infection include sofosbuvir plus ribavirin for 24 weeks, and the combination of sofosbuvir plus daclatasvir for 12 weeks [12] [13] [14] (Table 3) . These regimens are very effective in patients who do not have cirrhosis.
Genotype 3 remains harder to cure in patients with cirrhosis, particularly in those who have previously failed peginterferon and ribavirin. In this subgroup, triple therapy with sofosbuvir plus peginterferon and ribavirin for 12 weeks produces better response rates than sofosbuvir plus ribavirin for 24 weeks. A prospective study is evaluating the benefit of adding ribavirin to the 12-week regimen of sofosbuvir plus daclatasvir versus prolonging treatment duration of sofosbuvir plus daclatasvir. Preliminary data from an early-access program in Europe suggest that sustained virological response rates are over 85% among cirrhotic patients treated with sofosbuvir plus daclatasvir for 24 weeks. 15 The approved interferon-free treatment regimen for genotype 2 infection is sofosbuvir plus ribavirin for 12 weeks (Table 3 ). The combination of sofosbuvir plus ledipasvir is effective for genotype 4 and 6 infections. Paritaprevir/ritonavir plus ombitasvir plus ribavirin is effective for genotype 4 infections.
Adverse reactions
Adverse reactions to hepatitis C treatments can be a problem. Interferon-based regimens are associated with considerable morbidity, and many patients are intolerant to or ineligible for peginterferon. Intensive monitoring is required during treatment. In contrast, interferon-free regimens are well tolerated with fewer adverse effects and very low discontinuation rates.
Interferon-based regimens
The most common adverse effects of peginterferon include systemic symptoms (flu-like illness with fevers, lethargy and myalgias), fatigue, bone marrow suppression, mood disturbance (irritability, depressed mood, insomnia) and alopecia. Severe cytopenias, major depression and psychosis occur less frequently. Peginterferon should be used with caution in patients with a history of depression. Untreated major depression or psychosis is a contraindication to therapy.
Autoimmune complications are uncommon and include thyroid disturbance and exacerbation of psoriatic and rheumatoid arthritis. Interferon-based regimens may precipitate hepatic decompensation in patients with advanced liver disease. Treatment may be contraindicated and should only be considered within a specialised hepatitis C centre. Patients with a platelet count below 100 x 10 9 /L and albumin below 35 g/L have been identified as a high-risk population.
Ribavirin
Ribavirin commonly causes haemolytic anaemia, which may precipitate or exacerbate symptoms of ischaemic heart disease. Dose reduction may be necessary. Although erythropoietin may be used to maintain haemoglobin concentrations during ribavirin therapy, it is not PBS-listed for this indication.
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Ribavirin is renally excreted so dose reduction is required in patients with significant renal impairment. Treatment should occur in a specialist centre.
Protease inhibitors
The protease inhibitors present new challenges, with additional adverse effects and drug-drug interactions. [19] [20] [21] [22] Telaprevir and boceprevir both need to be taken three times a day, and are associated with anaemia and gastrointestinal disturbance.
Telaprevir is commonly associated with a rash, which may be severe and life-threatening. Simeprevir has largely replaced telaprevir and boceprevir for use with peginterferon plus ribavirin for genotype 1 infections. It seems to have better tolerability 11, 23 and only needs to be taken once a day. Common adverse effects are mild and include photosensitivity and transient hyperbilirubinaemia due to inhibition of bilirubin transporters.
Interferon-free regimens
The most common adverse effects with sofosbuvir plus ledipasvir are mild fatigue, headache, nausea and insomnia. This combination is safe and effective even in patients with decompensated liver disease. Sofosbuvir is not recommended in combination with amiodarone as symptomatic bradycardia has been reported. Sofosbuvir is renally excreted and should not be used in patients with an estimated glomerular filtration rate below 30 mL/min pending further studies.
The combination of paritaprevir/ritonavir, ombitasvir and dasabuvir is also well tolerated. Paritaprevir causes a transient hyperbilirubinaemia due to inhibition of biliary transporters. Approximately 1% of patients in the phase III clinical trials experienced increases in serum alanine aminotransferases. This was most common in women taking concomitant ethinyloestradiol. It is recommended that ethinyloestradiol-containing drugs are stopped before starting treatment.
Studies are currently evaluating the safety of paritaprevir/ritonavir, ombitasvir and dasabuvir in patients with decompensated liver disease. Patients with decompensated liver disease should not be treated with this regimen until there are more data.
Pregnancy
There are no safety data for interferon-free regimens in pregnancy. Ribavirin is contraindicated in pregnancy and requires contraceptive precautions.
Drug interactions
Drug-drug interactions may occur with all interferon-free treatment regimens, and relevant drugs include proton pump inhibitors, statins and common antibiotics. Concomitant medicines should be reviewed before starting any patient on treatment. An independent resource is available from the University of Liverpool (www.hep-druginteractions.org).
Treat now or wait?
In the context of such dramatic therapeutic developments, it is important for clinicians and patients to decide whether to pursue treatment now with current PBS-subsidised regimens, or to defer treatment until interferon-free regimens become available. Combinations listed in Table 3 have been recommended by the PBAC, but PBS listing has not been confirmed. In light of this, we currently advocate for treatment deferral with monitoring every six months.
Post-treatment care
Patients with early-stage fibrosis who achieve a sustained viral response do not require long-term follow-up. They should be advised that hepatitis C serology tests will remain positive, but that it is not protective and repeat exposure may lead to reinfection.
Patients with cirrhosis do need to remain in longterm follow-up to monitor for complications including portal hypertension and hepatocellular carcinoma. This is best coordinated by a gastroenterologist. Patients with comorbid liver disease, such as non-alcoholic steatohepatitis, will also require specific management.
Treatment of hepatitis C in the futurenew models of care
Treatment of hepatitis C currently occurs in specialist liver clinics, typically within tertiary hospitals. This system is very effective and necessary to manage the complexities of interferon-based treatment. However, capacity is limited. Patients with advanced fibrosis and cirrhosis will need to remain in the tertiary system for management of their liver disease. However, patients who do not have cirrhosis may not need to be managed in a specialist clinic if they can be treated with simple interferon-free regimens. This will allow new models of care involving GPs, nurse practitioners, opioid-substitution therapy clinics and the custodial system. The PBAC has recommended that newer hepatitis C therapies are listed on the general schedule to promote treatment in primary care.
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Conclusion
The clinical complications of hepatitis C can be prevented by viral eradication. All patients should be considered for treatment and actively engaged in care. Current subsidised regimens continue to include peginterferon. Although their efficacy is good, the associated toxicity means that only a minority of patients start antiviral therapy.
The introduction of interferon-free therapies in the near future will increase treatment efficacy, tolerability and uptake. These regimens will play a front-line role
